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SPECIFICATION 

POSITIVE PHOTORESIST AND METHOD FOR PRODUCING STRUCTURE 

TECHNICAL FIELD 

5 [0001] 

The present invention relates to a positive-type 
photoresist for use in manufacturing, for example, 
semiconductors or LCDs. More particularly, the present 
invention relates to a positive- type photoresist containing a 
10 novolac resin and a method for manufacturing a structure by the 
use of the positive-type photoresist. 

BACKGROUND ART 

[0002] 

15 Photolithography using photoresists is widely used in 

manufacturing semiconductors or LCDs. In the meantime, if a 
photoresist can be stripped with ozone water, it is possible 
to reduce environmental loads as well as to simplify the process 
of stripping a photoresist. 

20 [0003] 

In order to allow a photoresist to be readily stripped 
with ozone water, a resin constituting the photoresist have to 
be hydrophilic- However, in a case where a hydrophilic resist 
resin is used, there is a possibility that resolution becomes 
25 low due to the swelling of the resist resin during development. 
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Therefore, it can be considered that the resist resin preferably 
has a functional group which is not originally hydrophilic but 
becomes hydrophilic by carrying out some kind of treatment. 
[0004] 

5 However, a photoresist resin which can be stripped with 

ozone water has not been heretofore considered particularly. 
[0005] 

Though not intended for use as an ozone water- strippable 
photoresist resin, there is known a photoresist resin in which 

10 a hydrophilic group is capped with another functional group. 
For example, Japanese Patent Laid-open No. 2001-183838 
discloses a positive-type chemically amplified photosensitive 
resin comprising a novolac resin having a structure in which 
a hydroxyl group bonded to a benzene ring is capped with an acetal 

15 group or the like. However, capping using an acetal group or 
the like cannot be removed by treatment with ozone water, and 
therefore the novolac resin disclosed in Japanese Patent 
Laid-open No. 2001-183838 is not suitable for use as an ozone 
water- strippable photoresist resin. In order to allow the 

20 novolac resin disclosed in Japanese Patent Laid-open No. 

2001-183838 to have hydrophilicity , it is necessary to expose 
the novolac resin to light to generate acid to remove capping 
with the acid. Further, the novolac resin disclosed in Japanese 
Patent Laid-open No. 2001-183838 does not have a benzene ring 

25 to which two or more hydroxyl groups are bonded. 
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[0006] 

There are not many examples of a novolac resin having a 
benzene nucleus containing two or more hydroxyl groups in the 
molecular chain. This is because it is very difficult to obtain 
5 such a novolac resin by polymerization. Further, there is a 
problem that a positive-type photoresist comprising such a 
novolac resin is so hydrophilic that it is not suitable for use 
as a photoresist. 
[0007] 

10 For this reason, a novolac resin for use in a positive- type 

photoresist is usually prepared by using phenol, cresol, or 
xylenol containing one hydroxyl group as a raw material, as 
described in Japanese Patent Laid-open No. 2001-183838. Such 
a novolac resin is not readily dissolved in wea]c allcaline water, 

15 and therefore it is necessary to use strong allcaline water such 
as a 2.38 wt% aqueous tetramethylammonium hydroxide solution 
to carry out development, thus resulting in high costs of 
chemicals and wastewater treatment . 
[0008] 

20 Further, as described above, since such a novolac resin 

is not completely degraded with ozone water, it is necessary 
to use a cleaning agent which is not good for the environment, 
such as organic solvents, acids, or allcalis to degrade the 
novolac resin. 

25 [0009] 



Furthermore, heretofore there has been a strong demand 
for a positive- type photoresist which hardly produces scum that 
is a residue of a photoresist remaining after development. 
However, it has been difficult to meet the demand while ensuring 
5 other performance . 

DISCLOSURE OF THE INVENTION 

[0010] 

It is therefore an object of the present invention to 
10 provide a positive-type photoresist which is excellent in heat 
resistance, sensitivity, and resolution, can be developed with 
a weak aqueous alkali solution and well degraded with ozone 
water, and hardly produces scum that is a residue of the resist 
remaining after development, and a method for manufacturing a 
15 structure having a resist pattern formed using the 
positive-type photoresist. 
[0011] 

A positive- type photoresist according to the present 
invention comprises, as constitution component , a novo lac resin 
20 having a benzene nucleus containing two or more hydroxyl groups 
and a weight -average molecular weight of 1, 000 to 20, 000 and/ or 
a derivative thereof. 
[0012] 

In the positive-type photoresist according to the present 
25 invention, it is preferred that the novolac resin has a benzene 



nucleus represented by any one of the following formulas (1) 
to ( 6 ) each containing two or more hydroxyl groups : 

[0013] 

[Chem. 1] 
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where R in eacti of tlie formulas (1) to (6) represents a 
hydrogen atom or a lower allcyl group having 6 or less carbon 
atoms . 
[0020] 

In a specific aspect of the positive-type photoresist 
according to the present invention, the novolac resin is 
obtained by alternating copolymerization of at least two kinds 



of monomers . 
[0021] 

In another specific aspect of the positive 
type-photoresist according to the present invention, the 
5 novolac resin is obtained by alternating copolymerization of 
at least one kind of monomers represented by the following 
formulas (7) to (16) and at least one kind of monomers 
represented by the following formulas (17) to (26) , wherein at 
least one kind of monomers represented by the following formulas 
10 (7) , (8) , (17) , and (18) each containing two or more hydroxyl 
groups is used as the monomer for alternating copolymerization: 
[0022] 
[Chem. 7] 
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[Chem. 8] 
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[Chem. 21] 
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[Chem. 22] 
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5 [0038] 

[Chem. 23] 

OH 
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[Chem. 24] 
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[0040] 
[Chem. 25] 
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where R in each of the formulas (7) to (2 6) represents 
a hydrogen atom or a lower alkyl group having 6 or less carbon 
atoms . 
[0042] 

In still another specific aspect of the positive-type 
photoresist according to the present invention, 30 parts by 
weight or more of total amount of the monomers represented by 
the formulas (7), (8), (17), and (18) each containing two or 
more hydroxyl groups is used with respect to 10 0 parts by weight 
of total amount of the monomers represented by the formulas 

(7) to (16) and the monomers represented by the formulas (17) 
to (26) . 

[0043] 

In a specific aspect of the positive-type photoresist 
according to the present invention, a derivative of the novolac 

12 



resin is obtained by replacing some of the hydroxyl groups of 
the novolac resin with a substituent. 
[0044] 

In a more specific aspect of the positive-type 
5 photoresist according to the present invention, some of the 
hydroxyl groups of the novolac resin are esterified and/or 
etherif ied- 
[0045] 

In another specific aspect of the positive-type 
10 photoresist according to the present invention, the replacement 
of some of the hydroxyl groups with a substituent is carried 
out using at least one compound selected from the group 
consisting of alkyl ethers, aryl ethers, benzyl ethers, triaryl 
methyl ethers, trialkylsilyl ethers, and tetrahydropyranyl 
15 ethers. 
[0046] 

In still another specific aspect of the positive- type 
photoresist according to the present invention, the replacement 
of some of the hydroxyl groups with a siibstituent is carried 
20 out using at least one compound selected from the group 

consisting of acetate, benzoate, methanesulf onic acid esters,. . 
and benzenesulf onic acid esters. 
[0047] 

In a specific aspect of the positive-type photoresist 
25 according to the present invention, a photosensitive compound 



is mixed with the novolac resin and/or a derivative of the 
novolac resin. 
[0048] 

In a more specific aspect of the positive-type 
5 photoresist according to the present invention, 5 to 50 parts 
by weight of the photosensitive compound is mixed with 10 0 parts 
by weight of total amoixnt of the novolac resin and a derivative 
of the novolac resin. 
[0049] 

10 In a specific aspect of the positive-type photoresist 

according to the present invention, a derivative of the novolac 
resin is a photosensitive novolac resin obtained by reacting 
the novolac resin with a photosensitive compound. 
[0050] 

15 In the positive- type photoresist according to the present 

invention, it is preferred that the photosensitive novolac 
resin is obtained by reacting 5 to 50 parts by weight of a 
photosensitive compound with 100 parts by weight of the novolac 
resin. 

20 [0051] 

In a specific aspect of the positive-type photoresist 
according to the present invention, the positive- type 
photoresist comprises the novolac resin and the photosensitive 
novolac resin, wherein the photosensitive novolac resin is 
25 obtained by reacting 10 to 6 0 parts by weight of a photosensitive 



compound with 100 parts by weight of the novolac resin, and 
wherein the amount corresponding to the photosensitive compound 
is in the range of 5 to 50 parts by weight with respect to 100 
parts by weight of total amount of the novolac resin and the 
5 photosensitive novolac resin. 
[0052] 

In a more specific aspect of the positive- type 
photoresist according to the present invention, the 
photosensitive compound is 1, 2-naphthoquinonediazidosulf onyl 
10 halide. 

In the positive-type photoresist according to the present 
invention, it is preferred that 1 to 2 0 parts by weight of an 
anionic surfactant is mixed with 100 parts by weight of total 
amount of the novolac resin and a derivative of the novolac 
15 resin. 
[0053] 

In the positive -type photoresist according to the present 
invention, it is preferred that 50 to 300 parts by weight of 
colloidal silica is mixed with 100 parts by weight of total 
2 0 amount of the novolac resin and a derivative of the novolac 
resin. 
[0054] 

In the positive-type photoresist according to the first 
invention, 100 to 700 parts by weight of a viscosity-controlling 
25 agent is mixed with 100 parts by weight of total amount of the 

15 



novolac resin and a derivative of the novolac resin. 
[0055] 

The present invention is also directed to a method for 
manufacturing a structure having a circuit formed using a resist 
5 pattern, comprising the steps of: 

forming a resist film on a surface of a substrate by the 
use of the positive-type photoresist according to the present 
invention; 

exposing the resist film to light and carrying out 
10 development to obtain a resist patterns- 
forming a circuit by the use of the resist pattern; and 
removing the resist film. 

[0056] 

In a specific aspect of the method according to the present 
15 invention, development is carried out using as a developer, an 
aqueous alkali solution whose allcali substance content is 0.3 
wt% or less, in the step of exposing the resist film to light 
and carrying out development . 
[0057] 

20 In the method for manufacturing a structure according to 

the present invention, it is preferred that the resist film is 
removed with ozone water in the step of removing the resist film. 
[0058] 

The positive-type photoresist according to the present 
25 invention comprises a novolac resin having a weight -average 



molecular weight of 1,000 to 20,000 and a benzene nucleus to 
which two or more hydroxyl groups are bonded. Such a novolac 
resin is readily oxidized with ozone water because it has a 
benzene nucleus to which two or more hydroxyl groups are bonded. 
5 Therefore, Such a positive -type photoresist can be readily 
stripped by treatment with ozone water. 
[0059] 

In order to promote degradation of a novolac resin with 
ozone water, it is necessary to allow the novolac resin to have 

10 a phenol ring structure which is readily oxidized with ozone. 
In general, the process of oxidation of a phenol ring is 
considered as follows. In the first step, a hydroxyl group is 
added to a phenol ring so that the phenol ring has two hydroxyl 
groups. In the second step, the phenol ring is further oxidized 

15 with ozone to produce two carboxyl groups so that the phenol 
ring opens. In view of such an oxidation process of a phenol 
ring, it can be considered that the use of a novolac resin having 
a benzene ring originally containing two or more hydroxyl groups 
makes it possible to omit the first step described above, 

20 thereby promoting oxidation with ozone smoothly. 
[0060] 

As described above, the ozone -degradable novolac resin 
according to the present invention can be readily stripped by 
treatment with ozone water, thereby simplifying the step of 
25 stripping and reducing environmental loads. 



[0061] 

Further, a larger number of hydroxyl groups bonded to a 
benzene ring in a novolac resin means that the novolac resin 
is more hydrophilic. For example, phenol is not readily 
5 dissolved in neutral water, but catechol having one more 
hydroxyl group than phenol is highly hydrophilic and is 
therefore readily dissolved in water. Therefore, a novolac 
resin having a structure in which two or more hydroxyl groups 
are bonded to a benzene ring readily swells in water. That is, 

10 the positive-type photoresist according to the present 

invention can be developed with weak alkaline water because the 
novolac resin readily swells in water. According to the present 
invention, it is possible to provide a positive-type 
photoresist which can be stripped with ozone water and developed 

15 with weak alkaline water. By using such a positive- type 

photoresist, it is possible to reduce the cost of a developer 
and simplify wastewater treatment. 
[0062] 

Furthermore, the relatively highly hydrophilic 
20 positive-type photoresist according to the present invention 
hardly produces scum that is a residue of the resist remaining 
after development . 

In positive -type photoresist according to the present 
invention, when a benzene nucleus has a structure represented 
25 by any one of the above formulas (1) to (6) to which two or more 



hydroxyl groups are bonded, it is possible to easily provide 
a positive-type photoresist of the invention which can be 
degraded with ozone water and developed with weak alkaline 
water. 
5 [0063] 

Further, in the present invention, when the novolac resin 
is one obtained by alternating copolymer izarion of at least two 
kinds of monomers, the hydrophilicity or hydrophobicity of the 
novolac resin can be easily controlled, and therefore it is 
10 possible to easily provide a positive-type photoresist having 
an appropriate swelling property in water. 
[0064] 

Furthermore, when the novolac resin is one obtained by 
alternating copolymerization of at least one kind of monomers 

15 represented by the above formulas (7) to (16) and at least one 
kind of monomers represented by the above formulas (17) to (26) , 
wherein at least one kind of monomers represented by the above 
formulas (7), (8), (17), and (18) each containing two or more 
hydroxyl groups is used as a monomer for alternating 

20 copolymerization, it is possible to more easily provide a 
positive-type photoresist having an appropriate swelling 
property in water . 
[0065] 

By using the dimethylols represented by the above 
25 formulas (17) to (26) , even when phenols having different 



reactivity are used to prepare a novolac rein, it is possible 
to allow the novolac resin to contain their respective monomers 
evenly. In addition, it is also possible to place benzene 
nuclei, each containing two or more hydroxyl groups, at even 
5 intervals in the molecular chain. Therefore, a positive-type 
photoresist comprising such a novolac resin can be stripped with 
ozone water evenly and stably at high speed. 
[0066] 

The positive-type photoresist obtained by using 30 parts 
10 by weight or more of total amount of the monomers represented 
by the above formulas (7), (8), (17), and (18) each containing 
two or more hydroxyl groups with respect to 100 parts by weight 
of total amount of the monomers represented by the above 
formulas (7) to (16) and the monomers represented by the above 
15 formulas (17) to (26) is more readily oxidized with ozone water 
because many skeletal portions having a benzene ring structure 
to which two or more hydroxyl groups are bonded exist. 
Therefore, the positive- type photoresist comprising can be more 
readily stripped by treatment with ozone water. 
20 [0067] 

A derivative of the novolac resin obtained by replacing 
some of the hydroxyl groups of the novolac resin with a 
substituent by capping treatment is readily oxidized with ozone 
water. Therefore, the positive- type photoresist can be 
25 readily stripped by treatment with ozone water. 

20 



A derivative of the novolac resin obtained by esterif ying 
and/or etherifying some of the hydroxyl groups of the novolac 
resin is oleophilic, and the positive- type photoresist 
comprising such a derivative of the novolac resin has an 
5 appropriate swelling property in water. 
[0068] 

In a case where capping by etherif ication is carried out, 
when some of the hydroxyl groups are replaced using at least 
one compound selected from the group consisting of alkyl ether, 
10 aryl ether, benzyl ether, triarylmethyl ether, trialkylsilyl 
ether, and tetrahydropyranyl ether, the positive-type 
photoresist is excellent in heat resistance. 
[0069] 

In a case where capping by esterif ication is carried out, 
15 when some hydroxyl groups are replaced using at least one 
compound selected from the group consisting of acetate, 
benzoate, methanesulf onic acid esters, and benzenesulf onic 
acid esters, the positive-type photoresist is not readily 
dissolved in allcali so that it is very stable during development 
20 with allcali. 
[0070] 

As described above, the novolac resin having a structure 
in which two or more hydroxyl groups are bonded to a benzene 
ring or a derivative of the novolac resin obtained by replacing 
25 some of the hydroxyl groups of the novolac resin with the 



substituent mentioned above is likely to swell in water. From 
this, it can be considered that there is a possibility that the 
resolution of a photoresist comprising such a novolac resin or 
a derivative of the novolac resin is deteriorated. However, 
5 by mixing, for example, a photosensitive compound usually used 
such as naphthoquinonediazide with the novolac resin or a 
derivative of the novolac resin, it is possible to control the 
swelling property of the novolac resin in water, thereby 
inhibiting the degradation of resolution of the photoresist. 
10 That is, it is possible to develop the photoresist with weak 
alkaline water while inhibiting the degradation of resolution. 
[0071] 

In the present invention, when 5 to 50 parts by weight 
of a photosensitive compound is mixed with 100 parts by weight 
15 of total amount of the novolac resin and a derivative of the 
novolac resin, it is possible to impart more adequate 
photosensitivity. 
[0072] 

When a derivative of the novolac resin is a photosensitive 
20 novolac resin obtained by reacting the novolac resin with a 
photosensitive compound, such a photosensitive novolac resin 
has adequate photosensitivity and improved cross-linking 
efficiency. Therefore, a positive-type photoresist 
comprising such a photosensitive novolac resin can be readily 
25 oxidized with ozone water, that is, readily stripped by 
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treatment with ozone water. 
[0073] 

In this case, when the photosensitive novolac resin is 
obtained by reacting 5 to 50 parts by weight of a photosensitive 
5 compound with 100 parts by weight of the novolac resin, such 
a photosensitive novolac resin has adequate photosensitivity 
and more improved cross -linking efficiency. 
[0074] 

When the positive -type photoresist comprises the novolac 
10 resin and the photosensitive novolac resin, wherein the 

photosensitive novolac resin is obtained by reacting 10 to 60 
parts by weight of a photosensitive compound with 100 parts by 
weight of the novolac resin, and wherein the amount 
corresponding to the photosensitive compound is 5 to 50 parts 
15 by weight with respect to 100 parts by weight of total amount 
of the novolac resin and the photosensitive novolac resin, such 
a photosensitive novolac resin also has adequate 
photosensitivity and improved cross- linking efficiency. 
[0075] 

20 When the photosensitive compound is 

1, 2-naphthoquinonediazidosulf onyl halide, it is possible to 
impart adequate photosensitivity and improve the cross- linking 
efficiency. 

When the positive -type photoresist contains an anionic 
25 surfactant in an amount of 1 to 20 parts by weight with respect 



to 100 parts by weight of total amount of the novolac resin and 
a derivative of the novolac resin, such a positive -type 
photoresist can be readily stripped with ozone water. 
[0076] 

In the present invention, when the positive-type 
photoresist contains colloidal silica in an amount of 50 to 300 
parts by weight with respect to 100 parts by weight of total 
amount of the novolac resin and a derivative of the novolac resin, 
such a positive-type photoresist has an enhanced resistance to 
dry- etching and thermal deformation. Further, such a 
positive- type photoresist is readily stripped with ozone water, 
and therefore a circuit can be formed with a high degree of 
precision using a resist pattern . 
[0077] 

When the positive -type photoresist contains a 
viscosity-controlling agent in an amount of 100 to 700 parts 
by weight with respect to 100 parts by weight of total amount 
of the novolac resin and a derivative of the novolac resin, it 
is possible to form a more uniform resist resin composition 
film. 
[0078] 

The method for manufacturing a structure having a circuit 
formed using a resist pattern according to the present invention 
comprises the steps of forming a resist film using the 
positive-type photoresist according to the present invention, 
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developing the resist film to obtain a resist pattern, forming 
a circuit using the resist pattern, and removing the resist film. 
In this method, the resist film can be developed with weak 
alkaline water which is not expensive, and can be readily 
5 stripped with ozone water. Therefore, it is possible to 
effectively reduce costs and environmental loads when 
manufacturing a structure having a circuit formed using the 
resist pattern. 
[0079] 

10 In particular, by using an aqueous alkali solution whose 

alkali substance content is 0.3 wt% or less as a developer, it 
is possible to further reduce costs. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 [0080] 

Hereinbelow, the present invention will be described in 
detail with reference to embodiments and Examples according to 
the present invention. 
[0081] 

20 A positive-type photoresist according to the present 

invention comprises a specific novolac resin and/or a 
derivative of the novolac resin. 
[0082] 

The novolac resin has a weight -average molecular weight 
25 of 1, 000 to 20,000, and contains a benzene nucleus to which two 



or more hydroxyl groups are bonded. 
[0083] 

Such a novolac resin can be obtained by mixing a phenol 
containing two or more hydroxyl groups, an aldehyde, and an acid 
5 catalyst to carry out addition polycondensation by heating. 

Examples of such a phenol containing two or more hydroxyl 
groups include pyrocatechol , resorcinol, hydroquinone , 
pyrogallol, and f luoroglucinol . 
[0084] 

10 In order to obtain a novolac resin according to the present 

invention, another phenol may be used together with the phenol 
containing two or more hydroxyl groups . Examples of such 
another phenol to be used together include m-cresol, p-cresol, 
xylenol, phenol, and trimethylphenol . As such xylenol 

15 mentioned above, for example, 2, 3 -xylenol, 2, 4 -xylenol, 

2,5-xylenol, 2,6-xylenol, 3,4-xylenol, or 3,5-xylenol can be 
used. These phenols to be used together may be used singly or 
in combination of two or more of them. 
[0085] 

20 Examples of an aldehyde compound to be used for obtaining 

such a novolac resin -described above include formaldehyde, 
benzaldehyde , vanillin, propyl aldehyde, and salicyl aldehyde. 

In order to obtain a novolac resin according to the present 
invention, a phenol containing a hydroxymethyl group may be used 

25 as a raw material instead of the aldehyde compound mentioned 
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above . Examples of such a phenol containing a hydroxymethyl 
group include 2 , 6 -hydroxymethyl - 4 -methyl phenol and 
4 , 6-dihydroxymethyl-2-methyl phenol. Even in a case where 
phenols having different reactivity are used, it is possible 
5 to allow the novolac resin to contain their respective monomers 
evenly. Further, it is also possible to synthesize a resin in 
which benzene nuclei, each containing two or more hydroxyl 
groups, are placed at even intervals in the molecular chain. 
A positive-type photoresist comprising such a resin can be 
10 evenly and stably stripped with ozone water at high speed. 
[0086] 

A novolac resin according to the present invention can 
be obtained by mixing the raw materials described above together 
with an acid catalyst to carry out addition condensation 
15 polymerization by heating. Examples of the acid catalyst 

include oxalic acid, hydrochloric acid, and p-toluenesulf onic 
acid. 
[0087] 

As described above, a phenol to be used as a raw material 
20 of a novolac resin according to the present invention contains 
a benzene ring to which two or more hydroxyl groups are bonded, 
and therefore a resultant novolac resin has a structure in which 
two or more hydroxyl groups derived from the phenol are bonded 
to a benzene ring. 
25 [0088] 



The weight -average molecular weight of the novolac resin 
should be in the range of not less than 1,000 and not more than 
20,000. If the weight -average molecular weight of the novolac 
resin is less than 1,000, there is a case where the sensitivity 
5 of the positive -type photoresist becomes too high to form an 
image. On the other hand, if the weight -average molecular 
weight of the novolac resin exceeds 20,000, the shape of a 
pattern is deteriorated. 
[0089] 

10 The novolac resin obtained in such a manner described 

above preferably has a structure represented by any one of the 
formulas (1) to (6) . That is, the benzene nucleus containing 
two or more hydroxyl groups has a structure represented by any 
one of the formulas (1) to (6) . 

15 [0090] 

As described above, the weight -average molecular weight 
of the novolac resin having functional groups capable of being 
changed to hydrophilic groups by bringing them into contact with 
ozone water should be in the range of 1,000 to 20, 000, preferably 

20 in the range of 3,000 to 15,000, more preferably in the range 
of 5,000 to 10,000. If the weight -average molecular weight of 
the novolac resin is less than 1,000, there is a case where the 
sensitivity of the photoresist resin composition becomes too 
high to form an image. On the other hand, if the weight -average 

25 molecular weight of the novolac resin exceeds 20,000, there is 



a fear that the shape of a pattern is deteriorated. 
[0091] 

A photoresist resin composition according to the present 
invention contains an ozone-degradable novolac resin prepared 
5 according to the present invention. The ozone-degradable 
novolac resin contains a benzene nucleus to which two or more 
hydroxyl groups are bonded, and therefore the photoresist resin 
composition containing such an ozone-degradable novolac resin 
can be readily stripped by bringing it into contact with ozone 
10 water - 
[0092] 

The novolac resin constituting the positive-type 
photoresist according to the present invention is more 
preferably obtained by alternating copolymerization of at least 

15 two kinds of monomers. For example, two kinds of monomers are 
mixed, and an acid catalyst (e.g., oxalic acid, 
p-toluenesulf onic acid) and, when necessary, a solvent are 
added to the mixture to stir them with heating. Next, a solvent 
is added thereto to obtain a solution, and then the solution 

20 is fed into water vigorously stirred to remove excess monomers . 
Thereafter, an obtained precipitate is heated, and then vacuum 
drying is carried out to obtain a novolac resin. 
[0093] 

Preferred examples of the monomer to be used for 
25 alternating copolymerization include monomers represented by 
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the formulas (7) to (26) . In this regard, it is to be noted 
that among these monomers represented by the formulas (7) to 
(26) , at least one kind of monomers represented by the formulas 
(7) , (8) , (17) , and (18) each containing two or more hydroxyl 
5 groups is used for alternating copolymerization. 
[0094] 

Further, alternating copolymerization of at least one 
kind of monomers represented by the formulas (7) to (16) and 
at least one kind of monomers represented by the formulas (17) 
10 to (26) makes it possible to control the hydrophilic property 
or hydrophobic property of a novolac resin, thereby enabling 
a novolac resin having an appropriate swelling property in water 
to be obtained. 
[0095] 

15 In alternating copolymerization, it is preferred that 3 0 

parts by weight or more of total amount of monomers represented 
by the formulas (7) , (8) , (17) , and (18) each containing two 
or more hydroxyl groups is mixed with 100 parts by weight of 
total amount of monomers represented by the formulas (7) to (16) 

20 and monomers represented by the formulas (17) to (26). If the 
total amount of monomers each containing two or more hydroxyl 
groups is less than 3 0 parts by weight, there is a case where 
the effect of oxidation with ozone water cannot be sufficiently 
obtained for lack of a skeletal portion having a benzene ring 

25 structure to which two or more hydroxyl groups are bonded in 



the novolac resin. It is to be noted that in a case where a 
large amount of a monomer containing two or more hydroxyl groups 
is used, a monomer having a high hydrophobic property should 
be used together with the monomer to carry out alternating 
5 copolymerization. 
[0096] 

In the positive -type photoresist according to the present 
invention, some of the hydroxyl groups of the ozone -degradable 
novolac resin are preferably replaced with a substituent by 

10 capping treatment. A derivative of the novolac resin obtained 
by replacing with a substituent is oleophilic. The word '^some 
of the hydroxyl groups" means some of the hydroxyl groups bonded 
to the benzene rings. In this case, capping is carried out by 
etherifying or esterifying some of the hydroxyl groups. In a 

15 case of etherif ication, capping is carried out using, for 

example, alkyl ether, aryl ether, benzyl ether, triaryl methyl 
ether, trialkylsilyl ether, or tetrahydropyranyl ether . Among 
these ethers, alkyl ether is preferably used. By using alkyl 
ether, it is possible to make the size of structure of a 

20 substituted portion smallest, which is desirable from the 

viewpoint of the heat resistance of a resist. In a case of 
esterif ication, capping is carried out using, for example, 
acetate, benzoate, methanesulf onic acid ester, or 
benzenesulf onic acid ester. In a case where capping is carried 

25 out by esterif ication, a resultant photoresist is more easily 
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degraded with alkali as compared to a photoresist obtained by 
carrying out capping by etherif ication. Therefore, from the 
viewpoint of stability during development with alkali, capping 
is preferably carried out by etherif ication. 
5 [0097] 

The weight -average molecular weight of such a derivative 
of the novolac resin obtained by replacing some of the hydroxyl 
groups of the ozone -degradable novolac resin having a 
weight -average molecular weight of 1,000 to 20,000 with a 

10 substituent is in substantially the same range, that is, in the 
range of 1,000 to 20,000. 

The positive-type photoresist according to the present 
invention may contain a photosensitive compound suitable for 
forming a photoresist. Preferred examples of such a 

15 photosensitive compound include naphthoquinoneazide, 
naphthoquinonediazide, and esters thereof. 
[0098] 

Specific examples thereof include 
naphthoquinonediazidosulf onyl halides such as 

20 1, 2 -naphthoquinone -2- diazido-4-sulf onyl chloride and 

1, 2 -naphthoquinone -2 -diazido- 5- sulf onyl chloride, available 
naphthoquinoneazides and naphthoquinonediazides, and esters 
thereof with phenol, p-methoxyphenol , hydroquinone , 
a-naphthol, 2 , 6-dihydroxynaphthalene, bisphenol A, or 

25 polyhydroxybenzophenone e.g., 2,3, 4 - trihydroxybezophenone , 



2,4,4'- t rihydroxybenzophenone , 2,4,6 - t r ihydroxybenzophenone , 
2,3,4,4' - trihydroxybenzophenone , or 
2,2' ,4,4' -trihydroxybenzophenone , such as 
1, 2 -naphthoquinonediazide-5 -sulfonic acid phenyl ester. 
5 [0099] 

By mixing such a photosensitive compound such as 
1, 2-naphthoquinonediazidosulf onyl halide e.g., 
1, 2-naphthoquinone-2-diazido-4-sulfonyl chloride or 
1, 2-naphthoquinone-2-diazido-5-sulfonyl chloride with the 
10 novolac resin and/or a derivative of the novolac resin, it is 
possible to more effectively enhance photosensitivity. 
[0100] 

The amount of the photosensitive compound to be mixed with 
the novolac resin and a derivative of the novolac resin is 

15 preferably 5 parts by weight or more but 50 parts by weight or 
less, more preferably 12.5 parts by weight or more but 25 parts 
by weight or less, with respect to 100 parts by weight of total 
amount of the novolac resin and a derivative of the novolac resin . 
If the amount exceeds 50 parts by weight, there is a fear that 

20 the sensitivity is lowered. If the amount is less than 5 parts 
by weight, there is a fear that the positive- type photoresist 
cannot have sufficient photosensitivity so that the film 
remaining ratio thereof is lowered. 
[0101] 

25 The positive -type photoresist according to the present 



invention preferably comprises a photosensitive novolac resin 
obtained by reacting the novolac resin with a photosensitive 
compound . 
[0102] 

5 As described above, a photosensitive novolac resin is 

obtained by mixing such an appropriate photosensitive compound 
mentioned above with the novolac resin to carry out reaction 
therebetween . 

In order to improve cross -linking efficiency, the novolac 
10 resin may be esterif ied with the photosensitive compound such 
as 1, 2-naphthoquinonediazidosulf onyl halide e.g., 
1, 2 -naphthoquinone- 2 -diaz ido -4 -sulf onyl chloride or 
1, 2-naphthoquinone-2-diazido-5-sulfonyl chloride . The 
amount of the novolac resin esterif ied with the photosensitive 
15 compound is preferably 5 parts by weight or more but 50 parts 
by weight or less, more preferably 12 .5 parts by weight or more 
but 25 parts by weight or less, with respect to 100 parts by 
weight of the novolac resin. If the amount exceeds 50 parts 
by weight, there is a fear that the sensitivity is lowered. If 
20 the amount of the novolac resin esterif ied with the 

photosensitive compound is less than 5 parts by weight, there 
is a fear that cross -linking cannot be properly carried out so 
that the film remaining ratio is lowered. 
[0103] 

25 As described above, the positive- type photoresist 



according to the present invention may comprise a 
photosensitive novolac resin obtained by esterifying the 
novolac resin with the photosensitive compound in such a 
specific ratio described above. In this case, the 
5 positive-type photoresist may comprise either only the 

photosensitive novolac resin or both the photosensitive novolac 
resin and the novolac resin other than the photosensitive 
novolac resin. 
[0104] 

10 In a case where the positive-type photoresist comprises 

only the photosensitive novolac resin, 5 to 50 parts by weight 
of the photosensitive compound may be reacted with 100 parts 
by weight of the photosensitive novolac resin. If the amount 
of the photosensitive compound exceeds 50 parts by weight, there 

15 is a fear that the sensitivity is lowered. More preferably the 
amount is not more than 25 parts by weight. If the amount is 
less than 5 parts by weight, there is a fear that cross -linking 
cannot be properly carried out so that the film remaining ratio 
is lowered. 

20 [0105] 

In a case where the positive -type photoresist according 
to the present invention comprises both the novolac resin and 
the photosensitive novolac resin, the amount corresponding to 
the photosensitive compound may be 5 to 50 parts by weight, more 
25 preferably 5 to 25 parts by weight, with respect to 100 parts 
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by weight of total amount of the novolac resin and the 
photosensitive novolac resin. If the amount corresponding to 
the photosensitive compound exceeds 50 parts by weight, there 
is a fear that the sensitivity of the positive-type photoresist 
5 is lowered. If the amount corresponding to the photosensitive 
compound is less than 5 parts by weight, there is a fear that 
cross- linking cannot be properly carried out so that the film 
remaining ratio is lowered. In this case, the amount of the 
photosensitive compound to be reacted with the novolac resin 

10 to obtain a photosensitive novolac resin is not particularly 
limited, but is preferably 10 to 60 parts by weight with respect 
to 100 parts by weight of the novolac resin. If the amount of 
the photosensitive compound is less than 10 parts by weight, 
the amount of the photosensitive novolac resin to be mixed with 

15 the novolac resin that is not photosensitive is increased so 
that there is a case where the use efficiency of a resultant 
positive- type photoresist is lowered. On the other hand, if 
the amount of the photosensitive compound exceeds 60 parts by 
weight, the difference in cross- linking property tends to occur 

20 between the photosensitive novolac resin and the novolac resin 
which is not photosensitive so that there is a fear that the 
resolution of a resultant positive- type photoresist is lowered. 
[0106] 

A preferred weight -average molecular weight of the 
25 photosensitive novolac resin obtained by reacting the novolac 



resin having a weight -average molecular weight of 1,000 to 
20, 000 with the photosensitive compound is in substantially the 
same range, that is, in the range of 1,000 to 20,000. 
[0107] 

5 The positive -type photoresist according to the present 

invention preferably contains a surfactant. By adding a 
surfactant, it is possible to readily strip the photoresist with 
ozone water due to the micelle effect of the surfactant. As 
such a surfactant, an anionic surfactant is preferably used 
10 because it has a good micelle effect. 
[0108] 

Preferred examples of the anionic surfactant include 
al]cylbenzenesulf onic acid and alkylbenzene sulfonic acid 
sodium salt . The amount of the anionic surfactant to be added 

15 is preferably 1 to 20 parts by weight with respect to 100 parts 
by weight of total amount of the novolac resin and a derivative 
of the novolac resin. If the amount is less than 1 part by weight, 
there is a case where the effect of improving the strippability 
cannot be sufficiently obtained. On the other hand, if the 

20 amount exceeds 20 parts by weight, there is a fear that adhesion 
between the photoresist and a substrate becomes poor. 
[0109] 

A nonionic surfactant is slightly inferior in micelle 
effect to the anionic surfactant, but a nonionic surfactant may 
2 5 be used instead of the anionic surfactant or together with the 



anionic surfactant • 
[0110] 

The positive-type photoresist according to the present 
invention preferably contains colloidal silica. By adding 
5 colloidal silica, it is possible to allow the photoresist to 
have improved resistance to dry etching as well as improved 
resistance to thermal deformation. The amount of colloidal 
silica to be added is preferably 50 to 300 parts by weight with 
respect to 100 parts by weight of total amount of the novolac 

10 resin and a derivative of the novolac resin. If the amount is 
less than 50 parts by weight, the effect of improving resistance 
to dry etching and resistance to thermal deformation is not 
sufficiently exhibited. On the other hand, if the amount 
exceeds 300 parts by weight, there is a fear that agglomeration 

15 of colloidal silica occurs to form undesired particles in the 
photoresist . 
[0111] 

The particle diameter of the colloidal silica is 
preferably 30 nm or less. Further, the colloidal silica is 

20 preferably added in the form of a 10 to 40 wt% colloidal silica 
dispersion. In this case, a polar solvent is preferably used 
as a dispersion medium. Examples of the polar solvent include 
methanol, isopropanol, ethylene glycol, ethylene glycol 
mono-n-propyl ether, dimethylacetamide , methyl ethyl Icetone, 

25 and methyl isobutyl Icetone. 
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[0112] 

If the particle diameter of the colloidal silica exceeds 
3 0 nm, irregularities are likely to occur on the surface of a 
photoresist film. If the concentration of the colloidal silica 
5 dispersion is less than 10 wt%, the amount of a dispersion medium 
to be added becomes too much. If the concentration of the 
colloidal silica dispersion exceeds 4 0 wt%, agglomeration of 
colloidal silica is likely to occur, thus resulting inundesired 
particles . 
10 [0113] 

The dispersion medium more preferably has excellent 
miscibility with the novolac resin. Preferred examples of such 
a dispersion medium include polar solvents such as isopropanol 
and methyl ethyl ketone. 
15 [0114] 

The positive-type photoresist according to the present 
invention is usually prepared by dissolving the resist 
composition in an organic solvent . The organic solvent 
functions as a viscosity controlling agent when the 

2 0 positive- type photoresist is applied to a substrate. In this 
case, the amount of the viscosity controlling agent is 100 to 
700 parts by weight with respect to 100 parts by weight of total 
amount of the novolac resin and a derivative of the novolac resin. 
Specific examples of the organic solvent include aromatic 

25 hydrocarbons such as toluene and xylene, acetates such as 
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methylcellosolve acetate, ethylcellosolve acetate, ethylene 
glycol diacetate, and propylene glycol monomethyl ether acetate, 
cellosolves such as ethylcellosolve and methylcellosolve, and 
polar solvents such as y-butyrolactone , ethyl lactate, butyl 
5 acetate, dimethyl oxalate, diacetone alcohol, diacetin, 

triethyl citrate, ethylene carbonate, and propylene carbonate. 
These organic solvents may be used singly or in combination of 
two or more of them. If the amount of the viscosity controlling 
agent is less than 100 parts by weight, it is difficult to prepare 

10 a uniform solution so that the photoresist tends to be unevenly 
applied. On the other hand, if the amount exceeds 700 parts 
by weight, the viscosity of the photoresist becomes too low so 
that there is a case where the thickness of the photoresist 
applied to a siibstrate becomes too thin. 

15 [0115] 

In addition to the components described above, the 
positive-type photoresist according to the present invention 
contains an appropriate solvent capable of solving the 
essential components, for the purpose of ensuring storage 

2 0 stability. Examples of such a solvent include solvents which 
can be used as the viscosity controlling agent described above, 
such as methylcellosolve acetate, ethylcellosolve acetate, 
ethyl lactate, y-bu tyro lac tone, propylene glycol monomethyl 
ether acetate, ethylcellosolve, and methylcellosolve. 

25 [0116] 



The positive-type photoresist according to the present 
invention is applied to, for example, a silicon substrate with 
a coater or the like by a well-known method. The positive -type 
photoresist applied to a substrate is dried, and is then exposed 
5 to light using, for example, a stepper to carry out development, 
thereby enabling a good resist pattern to be obtained. As a 
developer, various aqueous alkali solutions can be used. 
Examples of an alkali substance include sodium hydroxide, 
potassium hydroxide, ammonia, ethyl amine, triethyl amine, 
10 triethanol amine, and tetramethylammonium hydroxide. 

It is to be noted that the developer may contain an alcohol 
or a surfactant . 
[0117] 

In the method for manufacturing a structure according to 
15 the present invention, a very dilute alkaline developer can be 
used. In a case where a conventional positive- type photoresist 
is developed with an aqueous alkali solution, an aqueous 
tetramethylammonium hydroxide solution with a concentration of 
2.38 wt% or more is usually used as described above. In this 
2 0 case, costs and environmental loads must become high. On the 
other hand, in a case where the positive-type photoresist 
according to the present invention is used, an aqueous alkali 
solution of low concentration can be used. For example, an 
aqueous tetramethylammonium hydroxide solution with a 
2 5 concentration of 0.3 wt% or less, preferably 0.1 wt% or less 
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can be used. As a result, costs and environmental loads are 
reduced. More preferably, pure water may also be used as a 
developer instead of such an aqueous alkali solution. In this 
case, costs and environmental loads are further reduced. 
5 [0118] 

The method for manufacturing a structure having a circuit 
formed using a resist pattern according to the present invention 
comprises the steps of forming a resist film by the use of the 
positive- type photoresist, exposing the resist film to light 

10 and carrying out development to obtain a resist pattern, forming 
a circuit by the use of the resist pattern, and removing the 
resist film. Each of the steps is carried out according to 
well-knovm photolithography. In this method, as described 
above, an aqueous alkali solution of low concentration or 

15 neutral water can be used as a developer, thereby reducing costs 
and environmental loads. Further, the resist film can be 
stripped with ozone water, thereby reducing costs of the step 
of removing the resist film and simplifying the step. 
[01191 

20 Examples of a structure manufactured by the method 

according to the present invention include substrates of 
semiconductor devices or LCDs, However, examples of such a 
structure are not limited to siibstrates, and also include 
members, on which a circuit pattern is to be formed using a 

25 photoresist, for use in various electronic parts. 
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Next, the present invention will be described in more 
detail with reference to Examples according to the present 
invention and Comparative Examples. The present invention is 
.not limited to these Examples. 
5 [0120] 

(Example 1) 

Ten grams of catechol, 30 g of 
2 , 6-dihydroxymethyl-4-methyl phenol, 0.25 g of oxalic acid as 
an acid catalyst, and 50 g of methyl isobutyl ketone as a solvent 

10 were placed in a 2 -litter separable flask equipped with a 

stirrer, a thermometer, a heat exchanger, and an argon inlet, 
and they were heated with stirring for 2 hours at lOO^C. Then, 
the thus obtained mixture was heated to 150°C, and water and 
the solvent were removed from the mixture at 150°C under a 

15 reduced pressure. Then, the mixture was further subjected to 
reaction for 1 hour under a reduced pressure of 50 mmHg while 
being heated to 170°C, and was then cooled to obtain a resin 
sample of Example 1 . The resin sample was analyzed by NMR and 
was found to have a structure represented by the following 

20 structural formula. The weight -average molecular weight of 
the resin sample was found to be 5,300 by GPC (Gel Permeation 
Chromatography) . 
[0121] 
[Chem. 27] 
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[0122] 

(Example 2) 

Ten grams of catechol, 30 g of 
2 , 6-dihydroxymethyl-4-methyl phenol, 0.25 g of oxalic acid as 
an acid catalyst, and 50 g of methyl isobutyl ketone as a solvent 
were placed in a 2 -litter separable flask equipped with a 
stirrer, a thermometer, a heat exchanger, and an argon inlet, 
and they were heated with stirring for 2 hours at 100°C. Then, 
the thus obtained mixture was heated to 150°C, and water and 
the solvent were removed from the mixture at 150°C. Then, the 
mixture was heated to 170°C, further subjected to reaction for 
1 hour under a reduced pressure of 50 mmHg, and was then cooled. 
The weight -average molecular weight of the product was found 
to be 5,300 by GPC. The cooled product was dissolved in a 13 
wt% aqueous potassium hydroxide solution, and the thus obtained 
solution was maintained at 30°C. Ten grams of dimethyl sulfate 
was dropped into the solution in 30 minutes, and they were 
stirred for 4 hours to carry out reaction. After the completion 
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of reaction, concentrated hydrochloric acid was dropped into 
the solution to adjust the pH to 2. Then, the solution was 
neutralized with a 10 wt% aqueous sodium bicarbonate solution. 
From the neutralized solution, an etherif ied novolac resin was 
extracted using 150 g of methyl isobutyl ketone . The etherif ied 
novolac resin extracted was washed with pure water 5 times, and 
was then concentrated with an evaporator to obtain a resin 
sample of Example 2 . The resin sample was analyzed by NMR and 
was found to have a structure represented by the following 
structural formula. The weight -average molecular weight of 
the resin sample was found to be 6,200 by GPC. 

[0123] 

[Chem. 28] 




15 [0124] 

(Example 3) 

Ten grams of catechol, 30 g of 
2, 6-dihydroxymethyl-4-methyl phenol, 0 . 25 g of oxalic acid, and 
50 g of methyl isobutyl Icetone were placed in a 2 -litter 
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10 



separable flask equipped with a stirrer, a thermometer, a heat 
exchanger, and an argon inlet, and they were heated with 
stirring for 2 hours at 100°C. Then, the thus obtained mixture 
was heated to 150*^C, and water and the solvent were removed from 
5 the mixture at 150°C. 
[0125] 

Then, the mixture was heated to 170°C, further subjected 
to reaction for 1 hour under a reduced pressure of 50 mmHg, and 
was then cooled. The weight -average molecular weight of the 

10 product was found to be 5,3 00 by GPC. To the product, 50 g of 
acetone, 10 g of potassium carbonate, and 10 g of 
toluenesulf onyl chloride were added, and then they were stirred 
for 5 hours at 50°C to carry out esterif ication. From the thus 
obtained solution, an esterified novolac resin was extracted 

15 using 150 g of methyl isobutyl ketone. The esterified novolac 
resin extracted was washed with pure water 5 times, and was then 
concentrated with an evaporator to obtain a resin sample of 
Example 3 . The resin sample was analyzed by NMR and was found 
to have a stmcture represented by the following structural 

20 formula. The weight -average molecular weight of the resin 
sample was found to be 7,500 by GPC. 
[0126] 
[Chem. 2 9] 
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[0127] 

(Comparative Example 1) 
20 g of o-cresol, 30 g of 
5 2 , 6-dihydroxymethyl-4-methylphenol, 0 . 25 g of oxalic acid, and 
50 g of methyl isobutyl ketone were placed in a flask, and they 
were heated with stirring for 2 hours at lOO^C. Then, the thus 
obtained mixture was heated to 15 0°C, and water and the solvent 
were removed from the mixture at 150°C. Then, the mixture was 

10 heated to 170°C, further subjected to reaction for 1 hour under 
a reduced pressure of 50 mmHg, and was then cooled to obtain 
a resin sample. The resin sample was analyzed by NMR and was 
found to have a structure represented by the following 
structural formula. The weight -average molecular weight of 

15 the resin sample was found to be 8,800 by GPC: 
[0128] 
[Chem. 3 0] 
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[0129] 

(Evaluation of Examples 1 to 3 and Comparative Example 

1) 

A photoresist resin composition was prepared using each 
of the resin samples of Examples 1 to 3 and Comparative Example 
1 in the following manner. Then, the stripping rate with ozone 
water and the shape of a resist pattern were evaluated . 
[0130] 

(1) Measurement of stripping rate with ozone water 
One gram of the sample resin, 0.25 g of 
naphthoquinonediazidosulf onic acid (''NEC-4", Toyo Gosei Co., 
Ltd.), 2 g of ethyl lactate, and 2 g of tetrahydrofuran were 
mixed to obtain a photoresist solution. Next, the photoresist 
solution was applied onto a silicon substrate, onto which 
hexamethyldisilazane had been evaporated, by a spin coating 
method, and was then dried by heating for 2 minutes at 90°C to 

form a resist film having a thicJcness of 0.8 fim. 
[0131] 
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Ozone water of high concentration of 100 ppm was sprayed 
on the resist film through a perforated plate at a flow rate 
of 2.13 mL/min per hole. It is to be noted that the interval 
between holes of the perforated plate was 1 mm and the diameter 
of the hole of the perforated plate was 0 . 1 mm. The temperature 
of the ozone water at that time was 50°C. Thereafter, the 
thickness of the resist film was measured using a thin film 
measurement instrument for semiconductors (**SMAT", Technos Co. , 
Ltd.) . It is to be noted that the unit of the stripping rate 

with ozone water was |Lim/min. The measurement results are shown 

in Table 1 . 

[0132] 

(2) Evaluation of shape of resist pattern 
A resist pattern with 0.5 |Lim lines and spaces was 
transferred to the resist film formed in the above (1) by 
exposure using a stepper ( ''NSR1755i7B" , Nikon Corporation, 
NA=0.54), and the film was immersed in a 2.38 wt% aqueous 
tetramethylammonium hydroxide solution to carry out 
development. Thereafter, baking was carried out for 2 minutes 
at 150°C, and then the cross -sectional shape of the resist 
pattern was observed by SEM. The results are shown in Table 
1, wherein the mark ''A" means that the cross-sectional shape 
of the resist pattern was a rectangle, the mark "B" means that 
the cross -sectional shape of the resist pattern was a trapezoid 
in which the upper corners were rounded, and the mark ''C" means 



that the cross -sectional shape of the resist pattern was an 
isosceles triangle in which the upper side was rounded. 
[0133] 
[Table 1] 

5 





Stripping Rate with Ozone 
(M.m/min) 


Shape of 
Resist Pattern 


Example 1 


3.9 


C 


Example 2 


2.1 


A 


Example 3 


2.7 


A 


Comaprative 
Example 1 


1.0 


A 



[0134] 

(Example 4) 

Twenty five grams of resorcinol, 31 g of 
10 2 , 6-dihydroxymethyl-4-methyl phenol, 0.25 g of oxalic acid as 
an acid catalyst, and 50 g of methyl isobutyl ketone as a solvent 
were placed in a 2 -litter separable flask equipped with a 
stirrer, a thermometer, a heat exchanger, and an argon inlet, 
and they were heated with stirring for 2 hours at 100°C. Then, 
15 the mixture was heated to 120°C, further siibjected to reaction 
for 1 hour under a reduced pressure of 50 mmHg to remove water 
and the solvent from the mixture, and was then cooled to obtain 
a novolac resin. 
[0135] 

20 The novolac resin was analyzed according to the method 
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described below and was found to have a structure represented 
by the following structural formula. The weight -average 
molecular weight of the novolac resin was 5,500. 
[0136] 
5 [Chem. 31] 



OH OH 




5500 molecular wt . by GPC 



[0137] 

10 Twenty five parts by weight of 

naphthoquinonediazidosulf onic acid ester (''NAC-4", Toyo Gosei 
Co. , Ltd) as a photosensitive cross -linlcing agent and 4 00 parts 
by weight of ethyl lactate as a solvent were added to 100 parts 
by weight of the novolac resin to dissolve the cross -linlcing 

15 agent and the novolac resin in the solvent. The thus obtained 
solution was filtered using a 0.2 \m filter made of ethylene 
fluoride resin to prepare a resist solution. 

The resist solution was applied onto a silicon wafer by 
a spin coating method, and was balced for 90 seconds at 120°C 

20 on a hot plate to form a resist film having a thiclcness of 0 . 8 



|Llm. 

A resist pattern with 0.5 (xm lines and spaces was 
transferred to the resist film by exposure using a stepper 
(^^NSR1755i7B" , Nikon Corporation, NA=0.54) , and then the resist 
5 film was baked for 60 seconds at 120°C on a hot plate . The resist 
film was immersed in a 0 . 1 wt% aqueous tetramethylammonium 
hydroxide solution for 1 minute to carry out development, and 
was then washed with water. Thereafter, the resist film was 
dried for 2 minutes at 12 0°C on a hot plate. 
10 [0138] 

(Example 5) 

A novolac resin was prepared in the same manner as in 
Example 4 except that the amount of resorcinol used was changed 
to 50 g. 

15 The thus obtained novolac resin was found to have a 

structure represented by the following structural formula. 

The weight -average molecular weight of the novolac resin was 

3,800. 

[0139] 
20 [Chem. 32] 
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3 800 molecular wt . by GPC 
[0140] 

5 A resist solution was prepared, and a resist film was 

formed and exposure and development were carried out in the same 
manner as in Example 4 . 
[0141] 

(Example 6) 

10 A resist solution was prepared in tlie same manner as in 

Example 4 except that 5 parts by weight of allcylbenzenesulf onic 
acid was further added to 100 parts by weight of the novolac 
resin, and exposure and development were carried out in the same 
manner as in Example 4 . 

15 [0142] 

Twenty parts by weight of 
1, 2-naphthoquinone-2-diazide-5-sulf onyl chloride and 800 
parts by weight of tetrahydrof uran were mixed with 100 parts 
by weight of the novolac resin prepared in Example 4 to obtain 
20 a solution. 

Into this solution, 12 parts by weight of triethyl amine 
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and 800 parts by weight of tetrahydrof uran were dropped in 30 
minutes while controlling the temperature of the entire 
solution at 30 to 40°C. The thus obtained mixture was stirred 
for 10 minutes, and was then fed into 20,000 parts by weight 
of 0.01 M hydrochloric acid to obtain a precipitate. The 
precipitate was thoroughly washed with water, and was then 
vacuum- dried at 60°C to prepare a compound in which the novolac 
resin was esterified with naphthoquinonediazide . 

The thus obtained compound was analyzed by the analysis 
method described below, and was found to have a structure 
represented by the following structural formula. The 
weight -average molecular weight of the compound was 6,300. 

[0143] 

[Chem. 33] 



O 




Five hundreds parts by weight of ethyl lactate was added 
to 100 parts by weight of the compound to dissolve the compound . 
The thus obtained solution was filtered using a 0 . 2 |lm filter 
made of ethylene fluoride resin to prepare a resist solution. 
5 A sample was prepared in the same manner as in Example 

4 . 

[0144] 

(Example 8) 

A sample was prepared in the same manner as in Example 

10 7 except that the amount of 

1, 2 -naphthoquinone -2 -diazido- 5- sulfonyl chloride used for 
esterif ication was changed to 12.5 parts by weight. The 
structure of the compound obtained by esterif ication was the 
same as that of the compound of Example 1 , and the weight -average 

15 molecular weight of the compound was 5,700. 
[0145] 

(Comparative Example 2) 
Twenty grams of o-cresol, 30 g of 
2 , 6-dihydroxymethyl-4-methyl phenol, 0.25 g of oxalic acid as 
2 0 an acid catalyst, and 50 g of methyl isobutyl ketone as a solvent 
were placed in a 2 -litter separable flaslc equipped with a 
stirrer, a thermometer, a heat exchanger, and an argon inlet, 
and they were heated with stirring for 2 hours at 100°C. Then, 
the mixture was heated to 170°C, further subjected to reaction 
25 for 1 hour under a reduced pressure of 50 mmHg, and was then 



cooled to obtain a novolac resin. The novolac resin was 
analyzed according to the method described below, and was found 
to have a structure represented by the following structural 
foxTnula. The weight -average molecular weight of the novolac 
5 resin was 7,500. 
[0146] 
[Chem. 34] 




7500 molecular wt . by GPC 

10 

[0147] 

Twenty five parts by weight of 
naphthoquinonediazidosulf onic acid ester ("NAC-4", Toyo Gosei 
Co. , Ltd) as a photosensitive cross -linlcing agent and 400 parts 
15 by weight of ethyl lactate as a solvent were added to 100 parts 
by weight of the novolac resin to dissolve. The thus obtained 
solution was filtered using a 0.2 jim filter made of ethylene 
fluoride resin to prepare a resist solution. 
[0148] 

20 The resist solution was applied onto a silicon wafer by 
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a spin coating method, and was baked for 9 0 seconds at 12 0°C 
on a hot plate to form a resist film having a thickness of 0 . 8 
|Xm. 

A resist pattern with 1.5 ^im lines and spaces was 
5 transferred to the resist film by exposure using a stepper 
( ''NSR1755i7B" , Nikon Corporation, NA=0 . 54) , and then the resist 
film was baked for 60 seconds at 120*^C on a hot plate. It is 
to be noted that the resist is not dissolved in an aqueous alkali 
solution of low concentration (that is, in a 0 . 1 wt% aqueous 
10 tetramethylammonium hydroxide solution) . Therefore, the 
resist film was immersed in a 2.38 wt% aqueous 
tetramethylammonium hydroxide solution usually used for 1 
minute to carry out development, and was then washed with water. 
Thereafter, the resist film was dried for 5 minutes at 120°C 
15 on a hot plate. 
[0149] 

(Comparative Example 3) 

A sample was prepared in the same manner as in Comparative 
Example 2 except that the amount of 
20 naphthoc[uinonediazidosulfonic acid ester (''NAC-4", Toyo Gosei 
Co., Ltd.) used as a photosensitive cross-linking agent was 
changed to 12.5 parts by weight. 
[0150] 

It is to be noted that the resist is not dissolved in an 
25 aqueous alkali solution of low concentration (that is, in a 0.1 



wt% aqueous tetramethylammonium hydroxide solution) . 
Therefore, development was carried out in the same manner as 
in Comparative Example 2 . 
[0151] 

5 (Evaluation of Examples 4 to 8 and Comparative Examples 

2 and 3) 

(1) Measurement of stripping rate with ozone 
Ozone water of high concentration of 100 ppm was sprayed 
on the resist film, on which a pattern had been formed, through 

10 a perforated plate (with 380 holes) at a flow rate of 2 . 13 mL/min 
per hole. It is to be noted that the diameter of the hole of 
the perforated plate was 0.1 mm(|). The temperature of the ozone 
water at that time was controlled at 50*^C. Thereafter, the 
thickness of the resist film was measured using a thin film 

15 measurement instrument for semiconductors C^SMAT" , Technos Co. , 
Ltd.) . It is to be noted that the unit of the stripping rate 
with ozone was pim/min. The measurement results are shown in 
Table 2. 
[0152] 

20 (2) Evaluation of shape of resist pattern 

The cross-sectional shape of the resist pattern was 
observed by SEM. The results are shown in Table 2, wherein the 
marlc "A" means that the cross-sectional shape of the resist 
pattern was a rectangle, the marlc "B" means that the 

25 cross -sectional shape of the resist pattern was a trapezoid in 
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which the upper corners were rounded, and the mark ^^C" means 
that the cross -sectional shape of the resist pattern was an 
isosceles triangle in which the upper side was rounded. 
[0153] 

5 (3) Evaluation of heat resistance 

The samples were baked for 5 minutes at 120°C, 13 0'^C, 14 0°C, 
150°C, 160°C, and 17 0°C on a hot plate, respectively. Thereafter, 
each of the samples was observed with a microscope to determine 
the temperature at which the resist pattern was deformed as a 
10 heat resistant temperature . The results are shown in Table 2 . 
[0154] 

(4) Evaluation of development with alkali of low 
concentration 

The sample was immersed in 0 . 3 wt% tetramethylammonium 
15 hydroxide instead of 2.38 wt% tetramethylammonium hydroxide 
usually used for 1 minute to carry out development to check, 
and was determined that development with alkal solution of low 
concentration was possible when an image was embossed. The 
results are shown in Table 2 . 
20 [0155] 

(5) Analysis of stmicture of resin sample or compound 
The molecular structure of the synthesized novolac resin 

or compound was estimated by ^"^C-NMR using an FT-NMR 
spectrometer ( "J]SIM-AL300" , JEOL) . The ratio of each carbon was 
2 5 calculated from the integral of each peak to estimate the 
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structure of each of the novolac resins and compounds. 
[0156] 

(6) Measurement of molecular weight 

The molecular weights weremeasured by GPC (Gel Permeation 
5 Chromatography) . GPC was carried out using a GPC column 

(^^SHODEX FD-2002", Showa Denko K.K.) and THF as an eluent at 
a flow rate of 1 mL/min. Molecular weight was calibrated using 
polystyrene standards . 
[0157] 

10 (7) Determination of presence or absence of scum 

Each of the samples was observed with an optical 
microscope (10 OX) to check as to whether or not scum was produced. 
The results are shown in Table 2, wherein the mark ^'A" means 
that no scum was produced and the mark ^'C" means that scum was 
15 produced. 
[0158] 
[Table 2] 



Evaluation 
Results 


Stripping Rate 
with Ozone 

(|inri/min) 


Heat 
Resistance 
(Deformation 
Temp. °C) 


Shape of 
Resist 

Pattern 


Scum 


Development 

with Alkali 
Solution of Low 
Concentration 


Ex. 


4 


2.3 


150 


A 


A 


Developed 


5 


3.3 


160 


B 


A 


Developed 


6 


2.9 


150 


B 


A 


Developed 


7 


1.8 


150 


A 


A 


Developed 


8 


2.2 


150 


B 


A 


Developed 


Comp. Ex. 


2 


1.0 


150 


A 


C 


Not Developed 


3 


1.4 


140 


C 


A 


Not Developed 
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[0159] 

(Example 9) 

Twenty five grams of resorcinol, 31 g of 
2, 6-dihydroxymethyl-4-methylphenol, 0.25 g of oxalic acid as 
5 an acid catalyst, and 50 g of methyl isobutyl ketone as a solvent 
were placed in a 2 -litter separable flask equipped with a 
stirrer, a thermometer, a heat exchanger, and an argon inlet, 
and they were heated with stirring for 2 hours at 100°C. Then, 
the mixture was heated to 12 0°C, further siibjected to reaction 
10 for 1 hour under a reduced pressure of 50 mmHg to remove water 
and the solvent from the mixture, and was then cooled to obtain 
a novolac resin. 
[0160] 

The novolac resin was analyzed by NMR in the same manner 
15 as in Examples 4 to 8 and found to have a structure represented 
by the following structural formula. The weight -average 
molecular weight of the novolac resin was found to be 5,500 by 
GPC. 
[0161] 
20 [Chem. 35] 
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Twenty five parts by weight of 
5 naphthoquinonediazidosulfonic acid ester ("NAC-4", Toyo Gosei 
Co. , Ltd) as a photosensitive cross-linking agent, an 
isopropanol solution of colloidal silica (solid content: 30 
wt%) , and 400 parts by weight of ethyl lactate as a solvent were 
added to 100 parts by weight of the novolac resin to dissolve. 
10 The thus obtained solution was filtered using a 0.2 |LUn filter 
made of ethylene fluoride resin to prepare a resist solution. 
[0162] 

The resist solution was applied onto a silicon wafer by 
a spin coating method, and was baked for 90 seconds at 120°C 
15 on a hot plate to form a resist film having a thickness of 0 . 8 
Jim. 

A resist pattern with 0.5 |im lines and spaces was 
transferred to the resist film by exposure using a stepper 
(''NSR1755i7B" , Nikon Corporation, NA=0.54) , and then the resist 
20 film was baked for 60 seconds at 120°C on a hot plate . The resist 



film was immersed in a 0 . 1 wt% aqueous tetramethylammonium 
hydroxide solution for 1 minute to carry out development, and 
was then washed with water. Thereafter, the resist film was 
dried for 2 minutes at 12 0°C on a hot plate. 
5 [0163] 

(Example 10) 

A sample was prepared in the same manner as in Example 
9 except that the amount of an isopropanol solution of colloidal 
silica C'lPA-ST", Nissan Chemical Industries, Ltd., solid 
10 content: 30 wt%) was changed to 300 parts by weight (the amount 
of colloidal silica was 90 parts by weight with respect to 100 
parts by weight of the novolac resin) and the amount of ethyl 
lactate was changed to 300 parts by weight. 
[0164] 

15 (Example 11) 

A sample was prepared in the same manner as in Example 
9 except that the amount of an isopropanol solution of colloidal 
silica C'lPA-ST", Nissan Chemical Industries, Ltd., solid 
content: 3 0 wt%) was changed to 900 parts by weight (the amount 

20 of colloidal silica was 270 parts by weight with respect to 100 
parts by weight of the novolac resin) and the amount of ethyl 
lactate was changed to 100 parts by weight. 
[0165] 

(Comparative Example 4) 
25 Twenty grams of o-cresol, 30 g of 



2 , 6-dihydroxymethyl-4-methyl phenol, 0.25 g of oxalic acid as 
an acid catalyst, and 50 g of methyl isobutyl ketone as a solvent 
were placed in a 2 -litter separable flask equipped with a 
stirrer, a thermometer, a heat exchanger, and an argon inlet, 
5 and they were heated with stirring for 2 hours at 100°C. Then, 
the mixture was heated to 15 0°C, and then water and the solvent 
were removed from the mixture at 150°C. 
[0166] 

Then, the mixture was heated to 170°C, further subjected 
10 to reaction for 1 hour under a reduced pressure of 50 mmHg, and 

was then cooled to obtain a novolac resin. 

The novolac resin was analyzed by NMR in the same manner 

as in Examples 4 to 8 and was found to have a structure 

represented by the following structural formula. The 
15 weight -average molecular weight of the novolac resin was found 

to be 7,500 by GPC. 

[0167] 

[Chem. 36] 




[0168] 

Twenty five parts by weight of 
naphthoquinonediazidosulf onic acid ester Toyo Gosei 

Co. , Ltd) as a photosensitive cross -linking agent and 4 00 parts 
5 by weight of ethyl lactate as a solvent were added to 100 parts 
by weight of the novolac resin to dissolve. The thus obtained 
solution was filtered using a 0 . 2 ^im filter made of ethylene 
fluoride resin to prepare a resist solution (which contained 
no colloidal silica) . 
10 [0169] 

The resist solution was applied onto a silicon wafer by 
a spin coating method, and was balced for 90 seconds at 12 0°C 
on a hot plate to form a resist film having a thiclcness of 0 . 8 
|xm. 

15 A resist pattern with 1.5 |xm lines and spaces was 

transferred to the resist film by exposure using a stepper 
( ^^NSR1755i7B'' , Nilcon Corporation, NA=0 . 54 ) , and then the resist 
film was ba]ced for 60 seconds at 12 0°C on a hot plate. It is 
to be noted that the resist is not dissolved in an aqueous allcali 

20 solution of low concentration (that is, in a 0 . 1 wt% aqueous 
tetramethylammonium hydroxide solution) . Therefore, the 
resist film was immersed in a 2.38 wt% aqueous 
tetramethylammonium hydroxide solution usually used for 1 
minute to carry out development, and was then washed with water. 

25 Thereafter, the resist film was dried for 5 minutes at 120°C 
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on a hot plate. 
[0170] 

(Comparative Example 5) 

A sample was prepared in the same manner as in Comparative 
5 Example 4 except that 100 parts by weight of an isopropanol 
solution of colloidal silica C'lPA-ST", Nissan Chemical 
Industries, Ltd., solid content: 30 wt%) was added (the amount 
of colloidal silica was 30 parts with respect to 100 parts of 
the novolac resin) and the amount of ethyl lactate was changed 
10 to 400 parts by weight. 
[0171] 

(Comparative Example 6) 

A sample was prepared in the same manner as in Comparative 
Example 4 except that 12 0 parts by weight of an isopropanol 
15 solution of colloidal silica ('*IPA-ST", Nissan Chemical 

Industries, Ltd., solid content: 30 wt%) was added (the amount 
of colloidal silica was 360 parts with respect to 100 parts of 
the novolac resin) and ethyl lactate was not added. 

The resist film applied onto a silicon wafer clearly had 
20 a rough surface which appeared to be caused by particles. 
[0172] 

(Evaluation of Examples 9 to 11 and Comparative Examples 
4 to 6) 

(1) Measurement of stripping rate with ozone 
25 Ozone water of high concentration of 100 ppm was sprayed 



on the resist film, on which a pattern had been formed, through 
a perforated plate (with 380 holes) at a flow rate of 2 . 13 mL/min 
per hole. It is to be noted that the diameter of the hole of 
the perforated plate was 0.1 mm<|). The temperature of the ozone 
5 water was controlled at 50^C. Thereafter, the thickness of the 
resist film was measured using a thin film measurement 
instrument for semiconductors C^SMAT", Technos Co. , Ltd.) . It 
is to be noted that the unit of the stripping rate with ozone 
was ^un/min. The measurement results are shown in Table 3. 
10 [0173] 

(2) Evaluation of shape of resist pattern 

The cross -sectional shape of the resist pattern was 
observed by SEM. The results are shown in Table 3, wherein the 
mark means that the cross -sectional shape of the resist 

15 pattern was a rectangle, the mark '"B" means that the 

cross -sectional shape of the resist pattern was a trapezoid in 
which the upper corners were rounded, and the mark '"C" means 
that the cross -sectional shape of the resist pattern was an 
isosceles triangle in which the upper side was rounded. 

20 [0174] 

(3) Evaluation of heat resistance 

The samples were baked for 5 minutes at 12 0°C, 130°C, 14 0°C, 
150°C, 160°C, and 17 0°C on a hot plate, respectively. Thereafter, 
each of the samples was observed with a microscope to determine 
25 the temperature at which the resist pattern was deformed as a 
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heat resistant temperature. The results are shown in Table 3. 
[0175] 

(4) Evaluation of dry etching resistance 
The sample was placed in a parallel plate -type dry etching 
5 apparatus (with an interval between electrodes of 4 0 mm) , and 
was dry-etched with CF4/02 (volume ratio: 95/5) plasma at an 
output of 100 W and a gas pressure of 15 Pa to evaluate dry etching 
resistance. Dry etching resistance was evaluated based on a 
ratio between a resist etching rate and a silicon oxide film 
10 etching rate (that is, based on the value of silicon oxide film 
dry etching rate/ resist dry etching rate) . The results are 
shown in Table 3 . 
[0176] 



[Table 3] 



Evaluation 
Results 


Colloidal 

Silica (Parts 
by Weight) 


Stripping 
Rate with 
Ozone 
(p,m/min) 


Evaluation of 
Heat 

Resistance 
(Deformation 

Temp. °C) 


Shape of 
Resist 
Pattern 


Dry Etching 
Resistance 
(Ratio) 


Ex. 


9 


150 


1.4 


150 


A 


4.9 


10 


90 


1.6 


170 


A 


4.5 


11 


270 


1.1 


190 


A 


5.1 


Comp. 
Ex. 


4 


0 


2.3 


150 


A 


3.2 


5 


30 


2.2 


150 


A 


3.2 


6 


360 


0.5 


190 


B 


5.5 



15 

[0177] 

(Example 12) 

Resorcinol (110.1 g), 168 . 1 g of 2 , 6 -dimethylol-p-cresol , 
0.5 g of oxalic acid, and 1,000 g of ethyl lactate were placed 
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in a 2 -litter separable flask equipped with a stirrer, a 
thermometer, a heat exchanger, and an argon inlet, and they were 
heated with stirring for 2 hours at 100°C. Then, the mixture 
was heated to 150°C to remove water and the solvent from the 
5 mixture . 
[0178] 

Then, the mixture was heated to 17 0°C, further subjected 
to reaction for 1 hour under a reduced pressure of 50 mmHg, and 
was then cooled to obtain a novolac resin. The weight -average 
10 molecular weight of the novolac resin was found to be 4,000 by 
GPC (Gel Permeation Chromatography) . 
[0179] 

(Example 13) 

m-Cresol (108.1 g), 170 . 1 g of 2 , 6-dimethylol-resorcinol, 
15 0.5 g of oxalic acid, and 1,000 g of ethyl lactate were placed 
in a 2 -litter separable flaslc equipped with a stirrer, a 
thermometer, a heat exchanger, and an argon inlet, and they were 
heated with stirring for 2 hours at 100°C. Then, the mixture 
was heated to 150°C to remove water and the solvent from the 
2 0 mixture . 
[0180] 

Then, the mixture was heated to 17 0°C, further subjected 
to reaction for 1 hour under a reduced pressure of 50 mmHg, and 
was then cooled to obtain a novolac resin. The weight -average 
25 molecular weight of the novolac resin was found to be 3,500 by 



GPC (Gel Permeation Chromatography) . 
[0181] 

(Example 14) 

Resorcinol (66.1 g) , 43.3 g of m-cresol, 168.1 g of 
5 2, 6-dimethylol-p-cresol, 0 . 5 g of oxalic acid, and 1,000 g of 
ethyl lactate were placed in a 2 -litter separable flask equipped 
with a stirrer, a thermometer, a heat exchanger, and an argon 
inlet, and they were heated with stirring for 2 hours at 100°C. 
Then, the mixture was heated to 150°C to remove water and the 
10 solvent from the mixture. 
[0182] 

Then, the mixture was heated to 170°C, further subjected 
to reaction for 1 hour under a reduced pressure of 50 mmHg, and 
was then cooled to obtain a novolac resin. The weight -average 
15 molecular weight of the novolac resin was found to be 3,300 by 
GPC (Gel Permeation Chromatography) . 
[0183] 

(Example 15) 

m-Cresol (108.1 g) , 108.1 g of p-cresol, 68.5 g of a 37 % 
20 aqueous formaldehyde solution, 0.5 g of oxalic acid, and 1,000 
g of ethyl lactate were placed in a 2 -litter separable flaslc 
equipped with a stirrer, a theirmometer, a heat exchanger, and 
an argon inlet, and they were heated with stirring for 2 hours 
at 100°C. Then, the mixture was heated to 150°C to remove water 
25 and the solvent from the mixture. 



[0184] 

Then, the mixture was heated to 170°C, further subjected 
to reaction for 1 hour under a reduced pressure of 50 mmHg, and 
was then cooled to obtain a novolac resin. The weight -average 
5 molecular weight of the novolac resin was found to be 2,100 by 
GPC (Gel Permeation Chromatography) . 
[0185] 

(Comparative Example 7) 

m-Cresol (108.1 g) , 108.1 g of p-cresol, 68.5 g of a 37 % 
10 aqueous formaldehyde solution, 0.5 g of oxalic acid, and 1,000 
g of ethyl lactate were placed in a 2 -litter separable flask 
equipped with a stirrer, a thermometer, a heat exchanger, and 
an argon inlet, and they were heated with stirring for 2 hours 
at 100°C. Then, the mixture was heated to 150°C to remove water 
15 and the solvent from the mixture. 
[0186] 

Then, the mixture was heated to 17 0°C, further subjected 
to reaction for 1 hour under a reduced pressure of 50 mmHg, and 
was then cooled to obtain a novolac resin. 
20 The weight -average molecular weight of the novolac resin 

was found to be 2,100 by GPC (Gel Permeation Chromatography) . 
[0187] 

(Evaluation of Examples 12 to 15 and Comparative Example 

7) 

25 (1) Measurement of stripping rate with ozone 



Twenty five parts by weight of 
naphthoquinonediazidosulf onic acid ester as a photosensitive 
cross -linking agent and 400 parts by weight of ethyl lactate 
as a solvent were added to 100 parts by weight of each of the 
5 novolac resins prepared in Examples 12 to 15 and Comparative 
Example 7 to dissolve. Each of the thus obtained solutions was 
filtered using a 0.2 ^im filter made of ethylene fluoride resin 
to prepare a resist solution. 

The resist solution was applied onto a silicon siibstrate, 
10 on which hexamethyldisilazane had been evaporated, by a spin 
coating method, and was dried by heating for 2 minutes at 90°C 
to form a resist film having a thickness of 0.8 |ilm. 
[0188] 

Ozone water of high concentration of 10 0 ppm was sprayed 
15 on the resist film through a perforated plate at a flow rate 
of 2.13 mL/min per hole. It is to be noted that the interval 
between holes of the perforated plate was 1 mm and the diameter 
of the hole of the perforated plate was 0 . 1 mm. The temperature 
of the ozone water at that time was 50'^C. Thereafter, the 
20 thickness of the resist film was measured using a thin film 
measurement instrument for semiconductors (*^SMAT" , Technos Co. , 
Ltd.) . It is to be noted that the unit of the stripping rate 

with ozone was |Lim/min. The measurement results are shown in 
Table 4 . 
25 [0189] 



[Table 4] 





StriDDina Rate with Ozone 
(M-m/min) 


Example 12 


2.1 


Example 13 


2.0 


Example 1 4 


1.5 


Example 1 5 


1.9 


Comparative 
Example 7 


1.0 



[0190] 

(2) Measurement of resorcinol content by NMR 
5 Each of the reins of Examples 12 and 13 was dissolved in 

heavy acetone, and was then subjected to ^H-NMR to measure the 
ratio of a hydroxyl group present in the molecule and the ratio 
of a methyl group present in the molecule. From these ratios, 
the ratio of resorcinol present in the molecule was calculated . 
10 The results are shown in Table 5 . 
[0191] 
[Table 5] 





Resorcinol Content (%) 


Example 12 


48 


Example 13 


51 


Example 14 


31 


Example 15 


40 


Comparative 
Example 7 


69 
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